Abstract: We theoretically investigate the optical properties of the exciton confined in parabolic quantum-dot , with and without electric field, by means of perturbative-variational method. The quantum-dot size enhances the 1s eigenvalue ahd oscillator strength . In smaller dot the relative extension of the exciton wave function is equal t o the size of the dot . The 1s exciton bihding energy is found t o be almost [2] [3] times that in the quantum-well of the same thickness. In the presence of an external electric field, we calculate the quantum-confined Stark effect . The energy split is found about the same as in quantum-well with the same size .The wider quantum-dot has a larger Stark shift. We also analyse the special case of high electric field . In this case the Coulombic interaction can be approximated by parabolic potential.
-INTRODUCTION
In recent years excitons states in quantum dots have been studied in a number of papers 11-41 and have been observed by photoluminescence experiments [5-61. The study of electronic states in quantum dots depends on either the confining potential and the interacting force between the particles. Following the" Generalized Kohn's Theorem "; theoretical studies show that the confined potential for electrons [7- 91 and holes [2, 9] in quantum dots is nearly parabolic, so the center-of-mass motion can be solved exactly. The effect of an electrostatic field on the electron-hole states and on the confined excitonic states is referred t o the quantum confined Stark effect (Q.C.S.E.) has received intensive discussions in quantum well structures [12, 15] and few studies in quantum wire and in quantum dot systems [13] . In this work , using ir simple and efficient approximation , we propose t o study the exciton properties in a parabolic quantum dot structure with and without the presence of an electrostatic field. In sect.2-, we present the formalism of the perturbativevariational method [14] . We investigate the Stark shifts. We also analyse the special case of high electric field. The results for the exciton ground state properties in parabolic quantum dot , and the energy level split under an electric field , are presented and discussed in sect.3-. where Ro is the quantum dot radius defined by R We determine the best choice of h a s the one wich ensures the fasted convergence of the perturbation series . We rewrite H, as : with q(r,h) is the exciton enveloppe wave function . The field-induced energy shifts can be expressed as: AE = ET(F=O)-ET(F), E(F=O)is the corresponding energy in the zero-field state.We calculate the exciton binding energy defined by EB= Ee+Eh-ET, where Ee,Eh are the energies corresponding t o the singleparticle Hamiltonian. The extension of the exciton relative motion is calculated by the expectation value in the ground state of r, We also calculate the oscillator strength of the exciton ground state in the dot normalised t o that of a free exciton in a bulk material with volumeV=4/3n R: which given by whereEex=EG-R*and E = EG+Ef are the exciton energies in the bulk and in the quantum dot respectively, and a* is the effective Bohr radius,R*is the effective Rydberg energy and EG is the gap energy and x(R,r,h)is the total exciton enveloppe wave function Effect of strong electric field Due t o the confinement effects the enhancement of the exciton binding energy in quantum dot is found t o be significantly large. I t is interesting t o investigate the particular large field effects on the confined exciton i n parabolic quantum dot. One pos'sible approach is the perturbgtive-variational method as mentioned iJ1 the last subsection . A better way is t o analyse in this case the expanding of the Coulomb interaction . Large electric field induces a spatial shift of the particles along the field direction , leading t o a reduction of the Coulomb interaction which can be approximated by :
We only consider the first and the second order of the expansion in the relative Hamiltonian H, . The longitudinal relative motion of the exciton is a linear harmonic oscillator pushed on the left by quantity (2,-z,) , and displayed with the frequency Q/, inferior t o 52, due t o combined effects of the electric field and Coulombic potential . The transverse relative-motion is represented by a flater harmonic oscillator with the frequency 52,superior t o 52.Th.e energy of the exciton in the ground state is given by : This approximation is valid for large enough electric field and small dots or for weak electric field and wide dots .
3.RESULTS
As a numerical example , we ci)oose a GaAs semiconductor quantum dot , with the parameter values: dielectric I is the free-electron mass ) . In effect appears more for (e-lh) than (e-hh) exciton. 
